The main aim of this study was to assess the level of water quality of Lake Haiq, Ethiopia with respect to selected physical parameters and heavy metals. Parameters such as temperature, pH, turbidity, electrical conductivity and total dissolved solids were measured in situ. While total alkalinity, chloride, ammonia, nitrate and sulphate were investigated using standard analytical procedures. the level of the studied heavy metals (Pb, Cd, Cu and Zn) was determined using the inductively coupled plasma-optical emission spectrometry. Sulphate, nitrate, ammonia, chloride, and total dissolved solids were within the recommended levels for a drinking water by the WHO guidelines. In contrast, the total alkalinity, turbidity and pH values were above the recommended limits, indicating the inconveniency to use the water for drinking. While Cd in the water sample was under the method detection limit (< 0.0039 mg/L), the levels of Cu, and Zn were found to be under the respective permitted limits. However, the level of lead throughout the sampling sites ranged from 0.064 to 0.108, which is 6 to 10 times higher than the permitted level in drinking water confirming the awkwardness of using the lake water for drinking. A detailed study of the catchment on the possible sources of pollution is recommended so that appropriate control measures could be taken by the governmental bodies.
INTRODUCTION
Water is an essential component for survival of life on earth, which contains minerals, important for humans as well as for earth and aquatic life (Arian et al., 2008) . Freshwater accounts 3% of the total water on the earth of which only a small percentage (0.01%) is available for human use (Arumugam et al., 2013) .
Even this small portion of freshwater is under immense stress. Rapid population growth, urbanization, industrialization, use of fertilizers in the agriculture and other human activities are some of the causes for the pollution of the freshwater with different contaminants (Arian et al., 2008; Pati et al., 2012; Arumugam et al., 2013) .
Water pollution is the degradation of the quality of water rendering its suitability for its intended purpose. Water pollutants can be broadly classified as organic, inorganic, suspended solids and sediments, heavy metals, radioactive materials and heat (Zenebe Yirgu, 2011) . Heavy metals are among the most harmful water pollutants due to their non-biodegradability, long biological half-life and their potential to accumulate in aquatic ecosystems (Arian et al., 2008; Moore et al., 2009; Benzer et al., 2013) . Though aquatic pollution due to heavy metals is less visible in contrast to others, its effects on the ecosystem and humans can be intensive and very extensive (Arian et al., 2008; Zenebe Yirgu, 2011) .
Toxicity level of heavy metals depends on the type of metal, its biological role, and the type of organisms that are exposed to it. The heavy metals linked most often to human poisoning are lead, mercury, arsenic and cadmium. Others, including copper, zinc, and trivalent chromium are actually required by the body in *Corresponding author: amaremeareg@yahoo.com small amounts and hence are essential, but can also be toxic in larger doses (Tolera Seda, 2007; Verma and Dwivedi, 2013) . The presence of these metals in the aquatic ecosystem while has far-reaching consequences on the biota and man; their toxic effects on man are known to cause damaged or reduced mental and central nervous function. Abnormal blood composition, and damaged lungs, kidneys, liver, and other vital human organs are also known to be among the consequences of heavy metal toxicity (WHO,1984; Igbinosa et al., 2012) .
This study focuses on Lake Haiq, which is one of the fresh and closed highland lakes of Ethiopia used by the local inhabitants for different purposes including fishing, recreation, irrigation and drinking. Human activities such as agricultural practice, deforestation, discharging of domestic sewage, and waste disposal from the town around it (Haiq) including a garage near the lake may cause the deterioration of the quality of the water system of Lake Haiq. Moreover, since the lake is located at a short distance from the main road of Addis Ababa to Tigray, it could also be polluted by particulate matters emitted by vehicles and motors (Shilpa et al., 2011; Igbinosa et al., 2012) . The main inflow river, Ancherkah, may also introduce agricultural runoff worsening the pollution. All these together may cause the deterioration of physico-chemical water quality parameters and accumulation of heavy metals in the lake.
To the best of our knowledge, assessment of the physico-chemical parameters and level of heavy metals in Lake Haiq has not been reported. Thus, the purpose of this study was to assess the level of selected heavy metals (Pb, Cd, Cu, and Zn) and physico-chemical parameters (temperature, pH, turbidity, electrical conductivity (EC), total dissolved solid (TDS), total alkalinity (TA), chloride, ammonia, nitrate and sulphate) of Lake Haiq, Ethiopia.
While standard methods (GOI and GON, 1999) were used for the analysis of the physico-chemical parameters, Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES), which is the most powerful with high selectivity, sensitivity, precision, and accuracy (Boevski and Daskalove, 2007) was used for the determination of the studied heavy metals.
EXPERIMENTAL

Description of the study area
The study was conducted in Lake Haiq, which is one of the highland lakes of Ethiopia located in Northern part of Ethiopia, Amhara Regional State, South Wollo Administrative Zone (Figure 1 
Selection of sampling sites and description
Six sampling sites; labeled as site-1 to site-6 ( Figure   1 ) covering the whole area of the lake were selected and the water samples were collected just from the surface of the lake. 
Chemicals and Reagents
Analysis of physico-chemical parameters
Temperature, pH, turbidity, electrical conductivity (EC) and total dissolved solids (TDS) were measured in the field (in situ). Temperature readings were made on site by directly immersing the probe in to the surface water. The pH of water samples were measured at each sampling site by inserting the pH meter probe (calibrated using pH 4.00, 7.00, and 10.00 standard buffer solutions prior to measurement) in to the water immediately after collection. Turbidity, EC and TDS readings were also taken at the same time as pH.
Total alkalinity (TA) was determined by a standard method (titration) using 0.1 N HCl as a titrant, and methyl-orange and phenolphthalein as endpoint indicators. Similarly, chloride was determined by titration using silver nitrate as titrant, and potassium chromate (K 2 CrO 4 ) solution as an indicator following a standard analytical procedure for water analysis (GOI and GON, 1999) . Ammonia, nitrate and sulphate were determined using palintest photometer following standard procedures (Osei and Jackson, 2008) . was put in to a 1000 mL volumetric flask to which a 4 mL (1:1) HNO 3 was added. After shaking, the solution, it was then diluted up to the mark with deionized water. Intermediate standard solutions of 10 mg/L concentration were prepared from the respective stock solution by dilution from which, standard working solutions of series concentrations were freshly prepared (Table 3) . Following the analysis of the series concentrations for each metal, reagent blank and water samples were aspirated in to the ICP-OES where triplicate measurements for each were made. The ICP-OES operating conditions and emission wave length for each studied metal are shown in Table 1 .
Heavy metal analysis
Statistical Analysis of data
To check whether the mean values of the investigated parameters between sampling sites are significantly different or not, statistical analysis of data (one way ANOVA) using SPSS version 20 software was employed. Difference in mean values were accepted as being statistically significant if p < 0.05.
RESULTS AND DISSCUSION
Physico-chemical analysis
The average results for the investigated physico-chemical parameters are summarized in Table 2 .
As shown in the table, the temperature of the lake varied between 22.84 ± 1.47 to 29.25 ± 0.89 °C with a mean value of 26.46 ± 2.34 °C. The variation may be ascribed to the sampling time temperature difference at the sampling sites.
The pH value of the surface water of Lake Haiq ranged from 8.71 ± 0.13 to 8.90 ± 0.08, the mean value being 8.83 ± 0.07. The pH value showed slight alkalinity compared to the allowed WHO guideline value (Table 2) Alkalinity is an estimate of the ability of water to resist change in pH upon addition of acids. The various ionic species that contribute to alkalinity include bicarbonate, hydroxide, phosphate, borate and organic acids (Yadaw et al., 2012) . Total alkalinity values for the investigated samples were found to be in the range 349.53 ± 4.06 to 627.57 ± 8.15 mg/L ( Table 2 ).
The total alkalinity of water collected from most of the sampling sites was higher than the permitted val- (Table 2) could be due to large discharges of domestic sewage near the sampling site.
In the present investigation, the level of NH 3 in all sampling sites ranged from 0.14 ± 0.02 to 1.35 ± 0.21 mg/L which still is within the recommended level of ammonia in drinking water by the WHO (3 mg/L).
Higher ammonia concentration at S5 (Table 2) (Table 2 ) might be due to the use of Nitrogen fertilizers in the agricultural fields along the shore and effluents discharged from domestic wastes.
Sulphate occurs naturally in water as a result of leaching from gypsum and other common minerals.
Discharge of industrial wastes and domestic sewage tend to increase its concentration (Gopalkrushna, 2011) . In the present investigation, the levels of Sulphate (SO 4 2-) in the Lake ranged from 2.18 ± 0.25 to 5.20 ± 0.85 mg/L all of which being much lower than the WHO recommended value. A relatively higher SO 4 2-level at sampling site S4 (Table 2 ) might be due to geological origin through weathering of sulfur containing rocks.
Heavy metal analysis
Calibration curve and method Detection Limit 
ICP-OES determination of the concentration of heavy metals in water samples
ICP-OES was used for the determination of the level of the studied heavy metals in the water samples collected from Lake Haiq. After measuring the ICP- Table 4 presents the summary of the levels of the studied heavy metals in the. As can be seen from the table, cadmium concentration was below the method detection limit while the rest were above the respective method detection limits.
The levels of Cu and Zn were found to be under the respective allowed levels by WHO guidelines showing that there is no risk of pollution due to these metals. On the contrary, Pb which has been found to be responsible for quite a number of ailments in humans such as chronic neurological disorders especially in fetuses and children was found at a level higher than the permitted level by WHO guidelines. The concentration of lead at all the sampling sites was found to be six to ten times higher than the permitted level by the WHO guidelines. As presented by Ogbonna et al. One way ANOVA analysis 
CONCULUSION
This study revealed that EC, TDS, chloride, ammonia, nitrate, and sulphate in Lake Haiq were within the WHO recommended limit whereas pH, turbidity and TA were above the recommended limit. One way ANOVA analysis showed that results for some studied parameters differ significantly among sampling sites, which might be ascribed to the different sources of pollution and sampling time. Among the studied heavy metals, Pb, Cu and Zn were detected in all sampling sites while Cd was not detected at any sampling site. Amongst the assessed heavy metals, lead was found to be in a level above the WHO recommended limit for drinking water. The potential cause for high level of Pb in the lake water may be the intense emission by vehicles along the nearby highway (Addis Ababa to Tigray) and discharges from the garage around the lake.
Hence, the presence of heavy metals in a detectable amounts in a water system used for fishing appended on the bio-accumulating property of the metals obviously leads to the entrance of the metals in to the food chain. Periodical monitoring of the lake water quality is thus required to assess the level of the heavy metals and physico-chemical parameters. Since leather factory is present around the lake, the level of chromium in the lake should also be investigated before it causes health problems on the bio-system.
